I N T RO D U C T I O N
The Dabie-Sulu orogenic belt in the east-central China was formed by a series of arc-continent and continent-continent collisions between the North China Craton and the Yangtze Craton during the early Palaeozoic to early Mesozoic (e.g. Ames et al. 1993; Li et al. 1993; Liou et al. 2000; Ye et al. 2000) , which is offset by the Tan-Lu sinistral strike-slip fault (Xu et al. 1993; Ratschbacher et al. 2000) . The Dabie belt (Fig. 1a) contains one of the largest and best known high pressure (HP)/ultrahigh pressure (UHP) metamorphic terranes recognized on Earth (Carswell & Compagnoni 2003; Ernst et al. 2007; Zheng et al. 2008a) . Since the findings of coesite (Okay et al. 1989; Wang et al. 1989 ) and microdiamond (Xu et al. 1992) in the Dabie mountains, this orogenic belt has been one of most important natural laboratories for studies of continental deep subduction and exhumation mechanism of HP and UHP metamorphic rocks in the past two decades (e.g. Wang et al. 1989; Ernst & Liou 1995; Sun et al. 2002; Zheng et al. 2003; Wallis et al. 2005; Hacker et al. 2006; Xiao et al. 2006) .
To understand subsurface structures related to these processes, a number of geophysical investigations have been carried out to image 2-D and 3-D crustal and upper mantle structure beneath the Dabie Orogenic belt (Dong et al. 1993 (Dong et al. , 2008 Wang et al. 2000; Zhang et al. 2000; Xu et al. 2001 Xu et al. , 2002 Yuan et al. 2003; Xiao et al. 2007) . For example, refraction and reflection profile studies reveal a north-dipping Moho beneath the Dabie Mountains and a crustal-scale dome in eastern Dabie Mountains Yuan et al. 2003) ; and body wave seismic tomographic imaging (Xu et al. 2001) shows a slab-like high velocity anomaly underneath this orogeny. In a recent study, we constructed a high-resolution 3-D shear velocity (V sv ) model of crustal structure beneath the Dabie orogen and surrounding regions using ambient noise tomography (Luo et al. 2012) . Our high-resolution 3-D model reveals significant lateral and vertical variations of seismic velocities relevant to the complex Dabie orogeny.
To date, most of pervious seismic studies in the Dabie Mountains are focused on the investigation of isotropic seismic velocities. Seismic anisotropy inferring the deformation of lithosphere is, however, not well investigated. Isotropic seismic velocities mainly reveal information of temperature and composition of rocks; whereas seismic anisotropy provides additional information about deformation and flow within the earth's interior, which contains clues about the past geodynamic processes related to regional tectonics, such as the continental-continental collision in the Dabie Mountains. Studying the detailed structures of seismic anisotropy in the crust of Dabie is essential to understanding the deformation of the lithosphere and gaining further insights into the geodynamics of continent-continent collision, exhumation processes and post-collisional magmatic intrusion in the Dabie orogenic belt.
In the continental crust, three main factors contribute to observed seismic anisotropy: (1) alignment of microfractures in the shallow crust (<5-10 km); (2) presence of shape-preferred orientations (SPO) of structures, such as layering of the sedimentary rocks and the presence of shear zones; (3) development of lattice-preferred orientations (LPO) of anisotropic minerals during deformation, such as mica and amphibole. One type of seismic anisotropy can be estimated from simultaneous analysis of Love and Rayleigh waves, because Love waves are mainly sensitive to horizontal polarized shear velocity (V sh ), whereas Rayleigh waves are mainly sensitive to vertically polarized shear wave velocity (V sv ). The difference between V sv and V sh inferred from the combined inversion of Love and Rayleigh waves is commonly called radial anisotropy.
Strong radial anisotropy with V sh faster than V sv has been observed in the upper mantle asthenosphere on a global scale, attributed to dominant horizontal flow of asthenosphere with the presence of strong anisotropic minerals, such as Olivine (e.g. Ekström & Dziewonski 1998; Debayle & Kennett 2000; Muyzert & Snieder 2000; Shapiro & Ritzwoller 2002; Beghein et al. 2006; Becker et al. 2008) . Few studies have been carried out to investigate the radial anisotropy of crust because of difficulties in obtaining high quality short period Rayleigh and Love waves (<20 s). In recent years, with the advent of the new ambient noise tomography, short-period (<20 s) surface waves including both Rayleigh and Love waves can be retrieved from cross-correlations of long duration seismic ambient data and thus can be employed to constrain crustal radial anisotropy (Lin et al. 2008) . Numerous studies of ambient noise tomography have been performed across the world to study isotropic shear velocities of crust (e.g. Moschetti et al. 2007; Liang & Langston 2008; Yang et al. 2008b; Bensen et al. 2009; Ekström et al. 2009, in USA; Yao et al. 2006 , Zheng et al. 2008b Li et al. 2009; 2010; Sun et al. 2010; Yang et al. 2010 Yang et al. , 2012 Zheng et al. 2011b; Zhou et al. 2012, in Asia; Villaseñor et al. 2007; Yang et al. 2007; Li et al. 2010; Verbeke et al. 2012, in Europe; Arroucau et al. 2010; Saygin & Kennett 2010; Young et al. 2011, in Australia) . More recently, a few studies of crustal radial anisotropy using ambient noise tomography have also been carried out. For example, strong radial anisotropy in the crust has been observed in the Basin and Range in Western United States (Moschetti et al. 2010) , southeastern Tibet (Huang et al. 2010) , and the North China Craton (Cheng et al. 2013) .
In this study, we continue our previous work (Luo et al. 2012 ) to map the crustal radial anisotropy beneath the Dabie Mountains and surrounding regions by jointly analysing Rayleigh and Love wave dispersion curves. In addition to processing the vertical component data to retrieve Rayleigh waves in Luo et al. (2012) , we collect horizontal-component continuous ambient noise data and retrieve Love waves from cross-correlations of horizontal-component noise data between station pairs. Then, we measure Love phase velocity dispersion curves at periods from 8 to 35 s using the same spectral method (Ekström et al. 2009 ) as we used in Luo et al. (2012) and perform surface wave tomography (SWT) to obtain high-resolution phase velocity maps. Finally, we determine crustal radial anisotropy by inverting the phase velocity dispersion curves of Rayleigh and Love waves.
DATA P RO C E S S I N G
The data used in this study are continuous three-component seismic data recorded by 40 broad-band stations (Fig. 1b) from the Chinese National Seismic Network (CNSN; Zheng et al. 2010) in the Dabie region between 2008 January and 2009 December, the same stations we used in Luo et al. (2012) . A similar procedure as those described by Bensen et al. (2007) and Lin et al. (2008) has been applied to preprocess the horizontal-component (N and E) data as we did for vertical components, subsequently including removing of the mean, trend and instrument responses, bandpass filtering at 3 to 50 s, normalization of N and E components together in both time domain and frequency domain to remove earthquake signals and other irregulars such as spikes. To speed up the processes and make the computation more efficient, we do not rotate the two horizontal components (N, E) into the radial (R) and transverse (T) components when performing cross-colorations. Rather, we first perform cross-correlations of the two horizontal components between pairs of stations to obtain four cross-correlations (E-E, E-N, N-N, N-E) for each pair of stations and then obtain the transversetransverse (T-T) and radial-radial (R-R) cross-correlations using a linear combination of those four cross-correlation components with coefficients determined from the inter-station azimuthal and backazimuthal angles. Lin et al. (2008) have demonstrated that T-T and R-R cross-correlations obtained from the combination of the four components are same as those obtained by directly performing cross-correlations on the radial (R) and transverse (T) components.
To get reliable Love waves from horizontal components, the geographical orientations of two horizontal channels of a seismometer must be accurate or at least have small angles of misorientation. However, in field deployment, aligning the N-component of a seismometer 100 per cent accurately to the geographical north is not an easy task. (Fig. 1b) . The diamond and circle symbols represent measured phase velocities from R-R and Z-Z components at a number of discrete frequencies using the spectral method, and the dashed lines represent linearly interpolated phase velocities at periods from 8 to 35 s.
the USArray/Transportable Array stations, one of the best-installed seismic networks in the world, were oriented by >7 o away from the exact north-south or east-west direction based on surface wave analysis (Ekström & Busby 2008) . Small misorientation of horizontal components in order of a few degrees or ten degrees would slightly change the waveforms of Love waves but not affect dispersion measurements. However, for the CNSN, Niu & Li (2011) find that about one third of the stations have problems of orientation, including misorientation of two horizontal components, mislabelling of components and reversed polarities in one or more components, by analysing particle motions of teleseismic P waves and then using them to estimate the north-component azimuth of each station. According to Niu & Li (2011) , 17 of the chosen 40 stations used in this study have one type or two types of those misorientation problems for horizontal components. We correct these misorientations when we perform the calculation of T-T and R-R cross-correlations by using corrected interstation azimuthal and backazimuthal angles during the rotation from E-E, E-N, N-N, N-E.
One way to examine whether the rotations have been performed using correct orientations of horizontal components is to compare waveforms and dispersion measurements of Z-Z crosscorrelations with those of R-R cross-correlations. Z-Z and R-R cross-correlations mainly contain Rayleigh wave signals and should have almost the same waveforms and dispersion curves if the orientations of horizontal components are right. In Fig. 2 , we show examples of these comparisons between two pairs of stations. Waveforms of Z-Z and R-R cross-correlations are almost identical and corresponding dispersion measurements are very close to each other. The rms difference of dispersion measurements between Z-Z and R-R is about 15 m s −1 . As described in a later section, we also perform SWT using Rayleigh wave dispersion curves from either Z-Z crosscorrelations or R-R cross-correlations. The rms differences between the resulting phase velocity maps from Z-Z cross-correlations or R-R cross-correlations are similar, ranging in 10-20 m s −1 at different periods. The similarity of waveforms between Z-Z and R-R cross-correlations and the small differences between dispersion curves of them indicate that the horizontal components are rotated accurately during retrieving Love waves.
In Fig. 3 , we plot record sections of 2-yr cross-correlations. Apparently, both high signal-to-noise ratio Rayleigh waves (Z-Z and R-R components in Figs 3a and b, correspondingly) and Love waves (T-T component in Fig. 3c ) have been obtained as indicated by the inclined dashed lines. Arrival times of Rayleigh waves on the Z-Z cross-correlations ( Fig. 3a) and the R-R cross-correlations ( Fig. 3b) are almost identical. The T-T cross-correlations ( Fig. 3c ) exhibit faster Love wave arrivals. To boost SNR, positive and negative time lags of each cross-correlation are stacked to form the so-called symmetric component for dispersion analysis.
P H A S E V E L O C I T Y M E A S U R E M E N T S A N D T O M O G R A P H Y
Phase velocity dispersion curves of Love waves are measured from the T-T cross-correlations using a revised spectral method (Luo et al. 2012) given its advantage of overcoming the limitation that interstation distances must be longer than three wavelengths as required by the time-domain method (Bensen et al. 2007 ). More details of the spectral method are described by Ekström et al. (2009) . The revised spectral method (Luo et al. 2012) applies Fourier transforms to stacked cross-correlation functions from daily time-domain cross-correlations to obtain cross-spectrum functions, whereas the spectral method of Ekström et al. (2009) directly calculates station-pair cross-spectrum functions in frequency domain. These two different data processing procedures result in almost the same phase velocity measurements as demonstrated by Luo et al. (2012) .
Based on the measured Love wave phase velocity dispersions, we construct phase velocity maps at 8-35 s periods by using a generalized 2-D linear inversion program named SWT developed by Ditmar & Yanovskaya (1987) and Yanovskaya & Ditmar (1990) . In tomography, we choose the same parameters, including the size of grid nodes, the smoothing and damping parameters, as Luo et al. (2012) did for Rayleigh wave dispersion measurements. The details of tomography and choices of parameters are elaborated in Luo et al. (2012) . As shown in Fig to the Earth's structures are different from Rayleigh waves and the number of ray paths for Rayleigh and Love wave is also slightly different. Thus, the choice of parameters in tomography may affect the inverted radial anisotropy. To investigate the sensitivity of inverted radial anisotropy to the choice of smoothing and damping parameters, we estimate the difference between the radial anisotropy using the same inversion parameters for both Rayleigh and Love waves and that using different parameters for Rayleigh and Love waves. By varying the smoothing and damping parameters within a reasonable range as the SWT program suggests, we perform a series of inversion for radial anisotropy. The testing results show that the inverted radial anisotropy using different parameters is similar to that using the same parameters for Rayleigh and Love waves. For example, at 5, 15, 25 km depths, the mean differences is −0.018, 0.03 and −0.016 per cent with standard deviations of 0.157, 0.212 and 0.0148 per cent, respectively. During phase velocity measurements and SWT, two strategies are adopted to identify and reject bad measurements. First, only those surface waves with SNR larger than 10 are retained for calculation of phase velocities. Period dependent SNR of surfaces waves is defined as the ratio of the peak amplitude in the window of the surface wave signal to the root-mean-square (rms) of the trailing noise for each narrow-bandpass filtered cross-correlation waveform. Second, phase velocity measurements with traveltime residuals smaller than 5 s are discarded during tomography. In principle, the total number of interstation paths from cross-correlations is n * (n − 1)/2, where n is the number of stations. In this study, we use 40 stations, thus the total principle number of paths is 780. After the data rejection, the number of retained paths for tomography is around 70 per cent. For example, at 16-s period, 572, 531 and 554 paths of Z-Z, R-R, and T-T components are retained, respectively. Generally, the Z-Z cross-correlations have slightly higher SNR than R-R and T-T. Love wave phase velocity maps at 10, 16, 20 and 30-s periods are presented in Fig. 4 compared with Rayleigh wave phase velocity maps from Luo et al. (2012) . Love waves and Rayleigh waves are sensitive differently to shear velocities. Generally, Love waves are slightly sensitive to shallower structures than Rayleigh waves at a same period. Thus the lateral anomalies of phase velocities could be slightly different between Rayleigh and Love waves at a same period even for isotropic media. Phase velocities at 10-s period mainly reflect upper crustal structures. The most prominent features are low velocities in sedimentary basins, such as in the Jianghan and Huabei Basins and high velocities in the UHP/HP regions within the Dabie Mountains. At 20-and 30-s periods, surface waves are mainly sensitive to middle and lower crustal structures. High velocities are still observed in the Hong'an block in the western Dabie. Low velocity anomalies are, however, observed in NDC, especially at 30-s period, probably reflecting vertical variations of shear velocity anomalies. In addition to phase velocity maps, SWT also provides corresponding resolution information at each period. Resolution maps of Love waves at 12-and 25-s periods are plotted in Fig. 5 . Similar to Rayleigh waves, the resolution of Love wave phase velocity maps is estimated to be about 30 km in most of the study region except at the fringes, where the path coverage becomes sparser.
C O N S T RU C T I O N O F R A D I A L A N I S O T RO P Y M O D E L
From the Rayleigh and Love wave phase velocity maps, we extract local phase velocity dispersion curves at 8-35-s periods at each grid node. Then, we carry out individual inversion of these dispersion curves for 1-D shear wave velocity profile using an iterative linearized least-square inversion scheme of surf96 (Herrmann & Ammon 2004) . Finally, These 1-D shear velocity profiles are assembled to form a 3-D model.
As is well known, choosing a proper starting V s model is important in the linearized inversion. We take the 3-D V sv model of Luo et al. (2012) best-fitting shear wave velocities in the crust (parametrized by a stack of 2-km thick layers except a 1-km thick top layer) and uppermost mantle (a uniform layer between Moho and 45-km depth). The shear velocity models constructed from Rayleigh waves and Love waves are referred as V sv and V sh , correspondingly. The radial anisotropy is constructed by considering the discrepancies between V sv and V sh . In this study, we quantify radial anisotropy as 2 * (V sh − V sv )/(V sh + V sv ). Fig. 6 shows one example of such inversion at the grid point of 115.7 o E, 30.8 o N, which is also marked by the red dot in Fig. 1(b) . One can easily identify significant difference between the V sv and V sh model in Fig. 6(b) . The predicted Rayleigh and Love wave phase velocity dispersion curves in the 8-35-s period range from the inverted V s profiles are plotted in Fig. 6(a) , which fit the observed dispersion curves very well. For comparison, Love wave dispersion curve (the green line) computed from the inverted V sv profile (the red line in Fig. 6b) , that is, assuming the crust is isotropic, is shown in Fig. 6(a) . It is apparent that the Love wave phase velocities (the green line in Fig. 6a ) computed from V sv are much slower than the observed Love phase velocities (the black diamond) at all periods, which indicates that it is impossible to simultaneously fit both Rayleigh and Love dispersion curves using an isotropic model at Macquarie University on October 27, 2014 http://gji.oxfordjournals.org/
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Crustal radial anisotropy from ANT 9 and radial anisotropy must be introduced in the inversion. Surface waves at different periods are sensitive to the Earth's structure at different depths. In general, short periods are sensitive to shallow structures and long periods are sensitive to deep structures. To aid the interpretation of surface wave dispersion maps, Fig. 6(c) shows the sensitivity kernels of Rayleigh and Love waves at various periods. It is clear that Love waves are more sensitive to the shallow structures than Rayleigh waves.
Results of isotropic V s [(V sv + V sh )/2)] and radial anisotropy at depths of 5, 15 and 25 km and along three transects are plotted in Figs 7 and 8, respectively. The major velocity features of the isotropic V s model (Fig. 7) consistent with our previous V sv model (Luo et al. 2012) . Specifically, in the upper crust, low velocities are present in the Jianghan, Huabei and Hefei basins and the high velocities are observed in the HP and UHP beneath Dabie orogenic belt; in the middle crust, high velocity anomalies are present beneath the Dabie orogenic belt, especially beneath Luotian, and Yuexi area; in the lower crust, low velocities are present beneath the Dabie orogenic belt.
Complex radial anisotropy is observed with significant lateral and vertical variations. In the upper crust, the most significant feature of radial anisotropy is the presence of two contrasting zones (Figs 7b and 8b): one with positive radial anisotropy (V sh > V sv ) beneath the Dabie orogenic belt and the Huabei Basin, and the other with negative radial anisotropy (V sh < V sv ) in the Jianghan Basin and Low Yangtze Basin. The magnitudes of positive radial anisotropy beneath the Dabie orogenic belt and Huabei basin are about 5 and 4.5 per cent, respectively. The magnitudes of negative radial anisotropy in the Jianghan Basin and Low Yangtze Basin are about 4.5 per cent. In the middle crust, the most prominent feature of radial anisotropy is the negative radial anisotropy beneath the Dabie orogenic belt and positive radial anisotropy around the Hong'an HP, Jianghan and Huabei basins (Fig. 7d) . The magnitude of the positive and negative radial anisotropy is about 3.5 and 4.0 per cent. In the lower crust, radial anisotropy is mainly positive with magnitude ∼4.0 per cent (Fig. 7f) .
E VA L UAT I O N O F T H E 3 -D R A D I A L A N I S O T RO P Y M O D E L
One of main concerns in radial anisotropy inversion is whether artificial radial anisotropy could be introduced by regularization in inversion, such as smoothing and damping, and by measurement errors of dispersion curves. To investigate this concern, we invert local phase velocity dispersion curves of Rayleigh and Love waves synthesized from an isotropic V s model.
For this investigation, we first need to estimate uncertainties of local dispersion curves. Since the spectrum method (Ekström et al. 2009 ) we adopt to calculate dispersion curves from ambient noise cross-correlations dose not generate uncertainties, we cannot calculate the uncertainties of resulting phase velocity maps via the model covariance matrix in the tomography. As an alternative, we use misfits of extracted local phase velocity dispersion curves from tomographic maps relative to the dispersion curves computed from the inverted 3-D V sh model to approximately evaluate the quality of local dispersion measurements as we did in the Luo et al. (2012) .
The period-averaged misfits of Love wave local phase velocity dispersion measurements are plotted in Fig. 9 , which vary from about 5 to ∼15 m s −1 across most of the study area with a mean misfit of 11.3 m s −1 and a standard deviation of 3.5 m s −1 and increase slightly towards the margins of the study region where path coverage is sparser. The misfits at different periods are similar, such −1 across most of the study area. The misfits of local dispersion curves are also close to the difference (∼15 m s −1 ) we observe in the inter-station dispersion curves between Z-Z cross-correlations and R-R cross-stations as we discuss in a proceeding section. Thus, for simplification, we choose 15 m s −1 as a reasonable estimate of uncertainty, which is close to the uncertainties of local phase velocities estimated from Eikonal tomography in W. USA based on repeated measurements of local phase velocities (Lin et al. 2008) .
The testing isotropic V s model (black line in Fig. 10a ) is taken from the resulting isotropic V s at the grid point of 116 o E, 31.7 o N (blue point in Fig. 1b) . Synthesized local dispersion curves are computed from the testing model. We add Gaussian noise with a zero mean and a standard deviation of 15 m s −1 but with a cut-off of 30 m s −1 to both Rayleigh and Love wave dispersion data (Fig. 10b) . We conduct the same inversion as we do for real observations 1000 times by randomly generating Gaussian noise each time (Fig. 10b) . The inverted V sh (blue line in Fig. 10a ) and V sv (red line in Fig. 10a ) profiles are plotted in Fig. 8(a) with the averaged V sv and V sh plotted as the bold lines. In addition, we calculate the differences between V sv and V sh for each of the 1000 performances. The average differences of V sv and V sh over all the performances and all the depths are plotted as histogram evaluated as radial anisotropy in Fig. 10(c) . As expected, the distribution of induced radial anisotropy follows a normal distribution with a 0 per cent mean and a standard deviation of 0.81 per cent (Fig. 10c) . If we take the standard deviation as an estimate of uncertainty of radial anisotropy, this test shows that the uncertainties of radial anisotropy is quite small, ∼1 per cent, and radial anisotropy with magnitude larger than 2 per cent is reliable at about 95 per cent confidence level and is mostly not introduced by data errors and regulations in inversion.
In the radial anisotropic model, we observe some alternatively varying patterns of radial anisotropy from positive radial anisotropy in the upper crust to negative radial anisotropy in the middle crust and back to positive anisotropy in the lower crust, for example, beneath NDC. One natural concern is whether this vertically alternative radial anisotropy is introduced by inversion because of the continuous and broad depth sensitivity of surface waves to the crust, rather than being resolved from observations of dispersion curves. To investigate this problem, we design a testing model with vertically alternatively changing radial anisotropy with 5 per cent positive radial anisotropy in the upper and lower crust but 5 per cent negative radial anisotropy in the middle crust as shown in Fig. 11(a) . The background isotropic model is the inverted one at the grid point of 115.4 o E, 31.4 o N shown in Fig. 1(b) (green point) . We perform the same inversion as we do for the first testing by repeating the inversion 1000 times, each with added random Gaussian noise. The resulting 1000 times radial anisotropy profiles are plotted as gray lines in Fig. 11(a) . Generally, the radial anisotropy is smoother than the testing model because vertical smoothing is applied in our inversion to prevent vertical oscillations and edge effects. Nevertheless, the alternatively changing pattern of radial anisotropy is well recovered. The average radial anisotropy is 3.73 per cent with a standard deviation of 1.24 per cent in the upper crust, −3.12 per cent with a standard deviation of 1.25 per cent in the middle crust and 3.96 per cent with a standard deviation of 0.81 per cent in the lower crust (Figs 11b-d) , respectively. This testing demonstrates that the presence of vertically alternatively changing radial anisotropy can be well resolved from dispersion data but the amplitude of radial anisotropy is diminished slightly because of the application of damping and smoothing in the inversion.
D I S C U S S I O N S
Studying seismic shear velocity and radial anisotropy helps understand the evolution and geodynamic processes of the Earth's crust and upper mantle. Because of heterogeneous compositions and complex structures of crust, potential factors influencing its seismic anisotropy are various. Generally, microcracks and/or metamorphic foliations orientated by stress play an important role in anisotropy in superficial crust, whereas in the deep crust, LPO of anisotropic minerals and SPO may take over and control seismic anisotropy. In the following paragraphs, we discuss in detail the predominant features of radial anisotropy beneath the Huabei and Jianghan basins, the eastern Dabie orogenic belt and western orogenic belt and the Xinyang area as identified in the preceding section.
In the Huabei Basin, the southernmost part of the eastern North China Craton, the radial anisotropy is positive throughout the entire crust (Figs 7b, d and f) , corresponding to areas with extensional tectonics developed since the middle Mesozoic. The eastern North China Craton was stabilized during the late Palaeoproterozoic and subsequently covered by a thick sequence of Proterozoic to Palaeozoic sediments (Zhao et al. 2001) . However, the Mesozoic igneous (both volcanic and intrusive) rocks are widely distributed in the eastern North China Craton, accompanied by metamorphic core complexes and pull-apart basins related to crustal extension (Yang et al. 2008a) . Positive radial anisotropy in the shallow depths can be interpreted in terms of transverse anisotropy of various sedimentary layers with a vertical symmetry axis. Horizontally layered sedimentary layers typically have different velocities in the vertical and horizontal directions with V sh greater than the V sv , whereas positive radial anisotropy in the deep depths could be because of the alignments of the LPO of anisotropic minerals in the crust, such as mica, under the extensional deformation, resulting in slower seismic velocity along the vertical axis than along the horizontal plane. Similar positive radial anisotropy is also observed in the crust in other extensional regions, such as the Basin and Range in Western United States (Moschetti et al. 2010 ) and the North China Craton in China (Cheng et al. 2013) .
However, in the Jianghan Basin, strong positive radial anisotropy is mostly present in the middle and lower crust (Figs 7d and f, 8b ) and the negative radial anisotropy is present in the upper crust (Figs  7b and 8b) . The Jianghan Basin is a kind of Mesozoic-Cenozoic fault basins. It was developed from the Yangtze platform and underwent strong extensional processes during the late Jurassic to early Cretaceous . The positive radial anisotropy in the middle and lower crust most likely results from subhorizontal alignment of seismic anisotropic materials, such as micas and amphiboles, under the crustal extensional deformation. The Jianghan Basin began rifting in the late Cretaceous, and became a graben-type basin during the Palaeogene with vast deposition of lacustrine and evaporitic sequences (Zheng et al. 2011a) . At the end of the Palaeogene, the basin went through a period of adjustment, characterized by uplift, folding, and erosion, and eventually turned into a generally subsiding system (Dai 1997) . The negative radial anisotropy in the upper crust probably reflects fossil microcracks or metamorphic foliations formed during the uplift, folding and erosion geodynamic processes.
In the eastern Dabie orogenic belt, the most prominent features are the positive radial anisotropy in the upper crust and the lower crust with the corresponding low isotropic shear velocities (Figs 7a, b, e and f), and the negative or weak radial anisotropy in the middle crust with the corresponding high isotropic shear velocities (Figs  7c and d) . In the early Cretaceous, the Dabie Orogen underwent an extensional tectonics triggered by the delamination of the thickened Dabie crust during the course of the continental-to-continental collision (Kern et al. 1999; Gao et al. 2003) , and voluminous felsic to mafic and ultramafic igneous rocks were emplaced in the middle-to-upper crust. The positive radial anisotropy beneath NDC in the upper crust (Figs 7b and d, 8f ) is probably because of the presence of igneous rocks with anisotropic minerals aligned subhorizontally under the action of the extensional tectonics during the igneous emplacement, whereas the positive radial anisotropy in the lower crust (Fig. 7f ) may be because that subhorizontal alignment of anisotropic materials induced by magmatic underplating formed after the delamination of the lower crust of the Dabie orogeny. The low isotropic velocity (Fig. 7e) and high conductivity layer from magnetotelluric results (Xiao et al. 2007) in the middle to lower crust probably suggest a ductile shear zone and/or brittle fracture zone (e.g. Jones 1992), which may facilitate magmatic underplating and intrusion. In the middle crust, those emplaced mafic to ultramafic rocks are the potential source of the high velocities (Figs 7c, 8c and e). Finite strains associated with the vertical intrusion of deep magma might cause crystalline anisotropic minerals aligned vertically, resulting in observed negative radial anisotropy or dykes formed in the middle crust after the intrusion of the deep magma from the lower crust to the upper crust could result in SPO of seismic velocity with higher V sv than V sh , i.e., the negative radial anisotropy (Figs 7d, 8d and f) .
In the western Dabie orogenic belt, positive radial anisotropy is present in the whole crust except that negative radial anisotropy is present in the middle crust beneath Hong'an UHP (Figs 7b, d and  f) . Obviously, the radial anisotropy exhibits different patterns from that in the eastern Dabie orogenic belt. The reason is probably that the majority of western Dabie orogenic belt except Hong'an UHP is not affected by the thermal and structural re-working acting on much of the eastern Dabie orogenic belt during the intrusion of voluminous Cretaceous granitoids (Eide & Liou 2000) . We speculate that the western orogenic belt mainly underwent post-collisional extensional deformation before the early Cretaceous, which might induce subhorizontal alignment of LPO of anisotropic minerals and thus result in the positive radial anisotropy in the whole crust (Figs 7b, d and f) . Similar to NDC, the Hong'an UHP probably experienced similar thermal geodynamic processes as the eastern Dabie and the negative radial anisotropy (Fig. 7d) might be also the result of vertically alignment of seismic anisotropic minerals caused by the vertical intrusion of deep magma.
We also note the strong negative radial anisotropy in the middle crust beneath the Xinyang area (Figs 7d and 8b) . This feature looks similar to the negative radial anisotropy observed in the middle crust at the north part of NDC (Fig. 7d) . However, they could be caused by different geodynamic processes. The Xinyang area is located at the southwestern margin of the Eastern Block of the North China Craton and is also adjacent to the Qinling-Dabie-Sulu Orogenic Belt. Petrological and geochemical studies have shown that basaltic-andesitic volcaniclastic diatremes erupted in the Mesozoic (∼160 Ma) in the Xinyang area (Zheng et al. 2008a) . The negative radial anisotropy is most likely caused by the vertical alignment of anisotropic minerals crystallized from the vertically intruding mafic magma originated from the upper mantle during the volcanism. The downward youngering of the deep crustal lithospheric stratigraphy recorded by the Xinyang xenolith suite reflects the progressive underplating and modification of an ancient piece of deep crust through time, accompanying the collision and subduction of continental blocks (Zheng et al. 2008a ).
C O N C L U S I O N S
We image the crustal radial anisotropy beneath the Dabie orogen and surrounding regions by jointly analysing Rayleigh wave and Love wave dispersion curves. Radial anisotropy helps us to further understand the evolution and geodynamic processes of the Dabie orogen.
In the Huabei Basin, the southernmost part of the eastern North China Craton, the radial anisotropy is positive throughout the entire crust, corresponding to areas with extensional tectonics developed since the middle Mesozoic. In the Jianghan Basin, strong positive radial anisotropy in the middle and lower crust mostly likely results from subhorizontal alignment of seismic anisotropic materials under the crustal extensional deformation. The negative radial anisotropy in the upper crust probably reflects fossil microcracks or metamorphic foliations formed during the uplift, folding, and erosion geodynamic processes. The negative radial anisotropy beneath the Xinyang area in the middle crust is most likely caused by the vertical alignment of anisotropic minerals crystallized from the vertically intruding mafic magma originated from the upper mantle during the volcanism.
In the eastern Dabie orogenic belt, the positive radial anisotropy beneath NDC in the upper crust is probably because of the presence of igneous rocks with anisotropic minerals aligned subhorizontally under the action of the extensional tectonics during the igneous emplacement. However, the positive radial anisotropy in the lower crust suggests that subhorizontal alignment of anisotropic materials induced by magmatic underplating formed after the delamination of the orogeny. In the middle crust, the intruded mafic to ultramafic rocks are the potential source for the observed high isotropic shear velocities. And, finite strains associated with the vertical intrusion of deep magma might cause crystalline anisotropic minerals aligned vertically, resulting in observed negative radial anisotropy.
In the western Dabie orogenic belt, positive radial anisotropy is present in the whole crust except that negative radial anisotropy is present in the middle crust beneath Hong'an UHP area. We speculate that the western orogenic belt mainly underwent post-collisional extensional deformation before the early Cretaceous, which might induce subhorizontal alignment of LPO of anisotropic minerals and thus result in the positive radial anisotropy in the whole crust. Similar to NDC, the Hong'an UHP probably experienced the similar thermal geodynamic processes as the eastern Dabie and the negative radial anisotropy might be also the result of vertically alignment of seismic anisotropic minerals caused by the vertical intrusion of deep magma.
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